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in a PS test beam, and in August 1991 in the X1 test beam of the SPS, OCR Output
Tests were carried out in June and November, 1991, with 6 GeV/c pious
2.1 Test Beam Set-up
Test Beam Studies
up to around 101°ncm'2 and is a factor 3-4 at 7 >< 1014ncm‘
current up to 1015 ncm‘2 but a decrease in signal which is negligible
fast (1 MeV) neutrons indicate no change in the noise or leakage
gamma ray doses of 20 MRad from 6°Co sources. Similar tests with
pad detectors with no significant deterioration in performance up to
the devices are radiation hard. Tests have been made on many single
the devices are fast, with pulse widths of 4-6 nsec
larger when we use a low noise read-out system on single channels
signal/ noise ratio, typically 7:1 using AMPLEX read-out and much
the devices work as minimum ionising particle detectors with a good
Telettra SPA. We describe here the results of our tests, which show that
addition, three microstrip detectors were fabricated for us in industry, by
laboratories from commercially available material with very few failures. In
and X-ray sources Such devices have been made routinely in our home
single pad devices which have been tested in test beams and with cx, B
In particular, we report on the performance of several microstrip and
been given that GaAs detectors have a role to play at the LHC.
support structures, nevertheless we believe that the “pro0f of principle” has
developing appropriate electronic read-out elements and precise mechanical
While there is still much to do in optimising the detector parameters and in
relatively simple yet reliable processing based on Schottky diode technology.
vices), using industry standard, semi-insulating GaAs substrate wafers and
charged particle detectors, (both simple pad detectors and microstrip de
January, 1991, we have been able to construct e$cient, radiation-hard, fast
In this status report we demonstrate that, following DRDC approval in
1 Introduction
The wafer was then re-cleaned, and spun with photoresist (Shipley S1400OCR Output
annealer, to allow in-diffusion of the Ge and the creation of an n+ region.
torr. The contact was annealed for 20 seconds at 360°C in a rapid thermal
nm) and Au (50 nm), evaporated at a base pressure of less than 8 >< 10`
latter consisted of layers of Ni (5nm), Ge (25 nm), Au (43 nm), Ni (30
drying in dry nitrogen preceded evaporation of the ohmic contact. The
oxidised using dilute hydrochloric acid. Rinsing with de—ionised water and
trichloroethylene, acetone, isopropyl alcohol and de—ionised water, and de
nology and from Sumitomo. The material, as supplied, was cleaned using
The Glasgow detectors were made using wafers from MCP Wafer Tech- ,
(Glasgow / Telettra) .
sivated detector surfaces with those protected by a layer of silicon nitride
for ohmic contacts (G1asgow/ Modena) and the comparison between unpas
lan. The three sources provided the opportunity to test different recipes
University of Modena and in a commercial process by Telettra SPA, Mi
laboratory for research and development in semiconductor detectors in the
the Department of Electrical Engineering of Glasgow University, the INFN
Sample detectors were fabricated from undoped LEC substrate wafers in
(1) Schottky contact microstrips
The dimensions of all detectors described below are given in Table I.
2.2 Details of the Microstrip Detectors Tested
of each run to the LAA VAX.
events per burst could be recorded. Data files were transferred at the end
buffer, a MAC—II microcomputer and MACDAQ software [3], around 100
of the detectors were read out for analysis. Using a FERA fast memory
out electronics [2] was restricted to 128, so that only 32 channels of each
as shown in Figure 1. The number of available channels of AMPLEX read
the silicon, one with strips parallel and one orthogonal to the silicon strips,
sets of strips parallel. Two GaAs microstrip detectors were mounted behind
counters and two silicon microstrip detectors of 100 pm pitch, with the two
The trajectories of the incident particles were defined by scintillation
the effect of passivation in comparable structures in GaAs. OCR Output
face passivation layers in silicon detectors, however, we wished to evaluate
In view of the adverse effects of neutron and gamma-ray irradiation of sur
GaAs occurs on exposure to air, the surface protection is clearly desirable.
nitride. While there is no direct proof that contamination of the surface of
an LEC substrate of 450 pm thickness, were passivated by a layer of silicon
The detectors fabricated in a commercial process by Telettra SPA from
to the strips.
A thick layer of gold was necessary in order to perform the wire—bonding
respectively, and the pressure during evaporation was lower than 10"7 torr.
The typical thicknesses of the layers of Au and Ti were 50 nm and 10 nm,
sequentially, through a metallic mask, on to the optically lapped surface.
it. The Schottky strips were made by depositing thin Elms of Ti and Au
of Pd2Si grows on top of the n+ region and acts as a metallic contact to
doped with Si atoms. During the heat treatment, a highly conducting layer
that the ohmic behaviour is probably due to a surface n+ region highly
solid-state reactions at low temperatures and the experimental results show
evaporation was about (2—3)><10"7 torr. This contact system is based on
of Si and Pd were 13 nm and 8 nm, respectively, and the pressure during
H2, 95% N2) at 370°C for 30 minutes. The typical thicknesses of the layers
Si/ Pd/ GaAs configuration in a furnace under a How of forming gas (5%
films of Pd and Si sequentially and by annealing the samples with the
was 2 >< 10'8 torr. The ohmic contact was made first by depositing thin
system equipped with ion- and Ti sublimation pumps. The base pressure
in a flow of nitrogen, they were loaded into an electron-beam evaporation
until completely hydrophobic. After rinsing in de-ionised water and drying
and were 600 pm thick. They were first rinsed in HCl:H2O (1:1 by volume)
The substrates used in Modena were obtained from Wacker-Chemitronic
were sawn from the wafers by Micron Semiconductor Ltd.
the photoresist was achieved using warm acetone, and the finished devices
tky contact, which consisted of 30 nm Ti followed by 80 nm Au. Lift—off of
developed. The wafer was again de-oxidised before evaporating the Schot
31) before exposure with the appropriate photomask; the resist was then
all the deposited ionisation was collected. Figure 3 shows a typical Landau OCR Output
bouring GaAs detector strip was added. This ensured that the charge from
to the edge of a particular GaAs strip, the pulse amplitude of the neigh
the histogram of Figure 3. For those silicon strips defining particles close
silicon the pulse amplitude in the appropriate GaAs strip was entered into
ment of the silicon and GaAs horizontal strips, for a particular hit in the
pulse amplitude above channel 144 in Figure 2. Using the measured align
detector.) Good minimum ionising particles were defined as those with
ing scintillators were somewhat broader than the total width of the silicon
amplitude found when a particle passed outside the detector. (The trigger
ionising particles. That at channel 30 corresponds to the maximum noise
channel 250 has the typical Landau distribution expected from minimum
tribution of pulse amplitudes is shown in Figure 2. The peak at around
added to that from the strip containing the maximum. The resulting dis
sharing between strips, the pulse amplitude in each neighbouring strip was
pulse amplitude after pedestal subtraction was first found. To allow for
tra were obtained as follows: the silicon strip containing the maximum
through the First silicon strip detector and GaAs detector (SB5). The spec
Figure 2 shows typical pulse height spectra for 70 GeV/ c pions passing
2.3 Analysis of Data Collected
ohmic contact.
420°C, allowing the Zn to diffuse into the wafer to form a p*' layer with an
trichloroethylene, Au-Zn-Au is deposited. The wafer is then annealed at ~
to provide inter—strip isolation. On the reverse side, after cleaning with
protected and an etch (H2SO4:H2O2:H2O in the ratio l : 8 2 80) is used
into the MBE layer, allowing a good contact to be made. The strips are
and the wafer annealed at 420°C. The annealing allows the InGe to diffuse
one side of the wafer. Strips of lnGe·Au were deposited on the MBE layer
0.25 pm thick n+ layer was grown by molecular beam epitaxy (MBE) on
sity of Sheffield Department of Electrical Engineering. In these devices, a
p-i-n detectors were fabricated at the SERC III-V facility in the Univer
As an alternative to Schottky barrier detectors of the type discussed above,
(2) p-i-n Detectors
compared to 16.1 channels for the silicon detectors. The measured elecOCR Output
of the pedestal distributions for the GaAs strips was 20.4 ADC channels,
distributions averaged over all the strips. The average standard deviation
of the peak position in Figure 3 to the standard deviation of the pedestal
The signal to noise ratio was determined for each detector as the ratio
obtained from the two methods agree well with each other.
required to produce an electron hole pair is 4.2 eV in GaAs The values
known stopping power of the detector material, assuming that the energy
the peak channel to the number of electron-hole pairs calculated from the
efficiency is then the ratio of the number of electrons corresponding to
calibration of the AMPLEX read-out electronics. The charge collection
A second estimate of the charge collection efficiency required an absolute
sumption is made that the charge collection efficiency in silicon is 100%.
and specific ionisation of the two detectors. For this calculation, the as
detector spectra, taking into account the difference in thickness, density
mined firstly from the ratio of the peak positions in the GaAs and silicon
with voltage. The magnitude of the charge collection efficiency was deter
the detector, and demonstrates the increase in charge collection efficiency
Figure 6 shows the peak position as a function of reverse bias voltage for
strip corresponds to more than three silicon strips in width in Figure 5.
the lateral uniformity of the detector. It should be noted that each GaAs
tions in gain (~10%) are observed from strip to strip. This demonstrates
were not working properly. Apart from these channels, only small fluctua
omitted since the corresponding channels in the silicon detector read-out
omitted from the spectra in Figures 3 and 4. Channels 30 and 32 were also
distributions for the edge strips contained long tails and these have been
detector is plotted as a function of the hit strip in the silicon detector. The
in Figure 5, where the peak position in the appropriate strip of the GaAs
width due to fluctuations in gain from strip to strip. This is illustrated
channels, is 15% broader than that expected from the measured pedestal
The standard deviation of the noise distribution from the fit, 34.8 i 1.4
gether with a Gaussian background of arbitrary position and width
distribution into which a Gaussian noise distribution has been folded, to
perimposed, smooth curve resulting from a fit to the data of a Landau
Figure 4 shows another spectrum from the same detector, with the su
duration. OCR Output
requested a total of three periods of SPS test beam time, each of ten days’
of test beam time to permit a satisfactory evaluation. We have therefore
to include tests of GaAs read-out electronics, require a significant amount
Nevertheless, the likely number of detectors to be tested, and our desire
the MX3 read-out systems presently being tested in our home institutes.
crease the number of read-out channels at our disposal by commissioning
from ANSTO, Sydney. These tests will be more eflicient if we can in
detectors from Gomenius University, Bratislava, and epitaxial detectors
produced Schottky detectors to be supplied by G.E.C.-Marconi, specimen
for the EAGLE collaboration. In addition, we hope to test commercially
uate a prototype forward tracker element of 50 >< 23 mm2, 200 pm thick,
as continuing tests of irradiated microstrip detectors, we propose to eval
olution and wafer and processing variations in detector fabrication. As well
microstrip detectors, in particular with respect to position and energy res
Our aims in test beam running this summer are to continue studies of
2.4 Aims for Test Beam running in 1992
made.
rable performance, but more comprehensive comparisons have still to be
The Schottky and p-i-n microstrip devices were found to give compa
100-200 pm) typically give higher charge collection efficiencies.
these detectors of thickness 400-650 nm. Tests of thinner detectors (around
detectors. The charge collection efficiencies vary between 10% and 40% for
the signal to noise ratios are around 7, i.e. about half that of typical silicon
The detection efiiciencies for minimum ionising particles are all high and
Table I gives a summary of the measured properties of each device.
in the read-out electronics.
a significant fraction of the measured noise in each detector was generated
tronic noise charge for the AMPLEX electronics was 15.8 channels. Thus
by the width of the pedestal peaks, did not change significantly as a result of OCR Output
pulse height analyser because of geometrical inefficiency. The noise, given
corresponding to particles which miss the GaAs detector but trigger the
fluence. The narrow peaks at low pulse height are due to pedestal pulses
GaAs pad detector before and after irradiation with the above neutron
pulse height spectra from “minimum ionising” beta particles traversing a
a factor around 3 as a result of the irradiation. Figure 9 shows the measured
in the noise in the detector, but the charge collection efficiency decreases by
at nominal luminosity of the LHC). It can be seen that there is little change
101* n cm'2, (corresponding to several years of operation in a central tracker
Figure 8 shows the same parameters after a neutron fiuence of 7 ><
can be seen that there are only minor changes with level of irradiation.
ber of pad detectors, after 0, 4, 8, and 16 MRad, is shown in Figure 7. It
The measured values of noise and charge collection efficiency for a num
traversing the GaAs detector.
counter to define pulses equivalent to those from minimum ionising particles
were required to give a coincident signal from a downstream scintillation
response to 241Am alpha particles and B particles from 9°Sr. The latter
200 pm thick. Deterioration in performance was measured in terms of the
ohmic contact covering the reverse side. The devices were typically 150
of 3 >< 3mm2, with a 1mm diameter Schottky contact on one side and an
Irradiation tests have been performed mainly on single pad detectors
to the interaction point.
LHC these will be a significant proportion of the total dose in regions close
duced by 7 rays, we believe this should be checked directly since at the
that radiation damage by such particles is similar in quality to that pro
irradiation by minimum ionising particles. While it is commonly believed
ing 1015ncm`2. In the future we wish to extend these studies to include
environment), was used to test the radiation hardness to Huences exceed
of neutrons of mean energy 1 MeV (similar to those expected in the LHC
diation facility at the Rutherford Appleton Laboratory [6], supplying fluxes
Centre, East Kilbride, and at Conservatome, Lyon. The ISIS neutron irra
doses of 7 rays from 6°Co at the Scottish Universities’ Research Reactor
Samples of our GaAs detectors have been irradiated with up to 20 MRad
3 Radiation Hardness Studies
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at nominal luminosity.
LHC central tracker environments over periods of many years of running
able to tolerate radiation doses significantly above those to be expected in
Our tentative conclusion to date is that GaAs microstrip detectors are
rameters as a function of irradiation level.
expected positions. We intend to investigate the variation of the trap pa
plots from two irradiated diodes. The traps appear in approximately the
gate the trap densities and cross-sections. Figure 12 shows the Arrhenius
We are currently starting to perform DLTS spectroscopy to investi
irradiation of these strip detectors is planned for the coming months.)
is similar to that of the simple pad detectors at least at this level. (Further
and after the neutron irradiation. The behaviour of the microstrip detector
beam exposure of the Telettra detector to minimum ionising particles before
10“ncm`2. Figure 11 shows the pulse height spectra obtained from test
an unpassivated detector from Glasgow in the ISIS facility, up to a dose of
layer. A similar Telettra strip detector was also irradiated together with
detector due to the effects of surface charge accumulation in the passivation
>10 MRad. This will a.llow a test for a deterioration in performance of the
tested under bias at the Conservatome facility, up to an integrated dose of
Telettra SPA, with silicon nitride surface passivation, is presently being
crostrip detectors in GaAs. A commercially-processed strip detector from
Irradiation tests have also been carried out on a small number of mi
damage in semiconductor detectors).
this analysis since the slow neutrons are not expected to cause comparable
(The accompanying fluence of neutrons of < 10 keV has been ignored in
in charge collection efliciency up to fast neutron fluences of 1014ncm`
alpha particles, is shown in Figure 10. There is no significant deterioration
variation of detector response with neutron dose, measured using 241Am
device could still be used to detect minimum ionising charged particles. The
collection efficiency, the signal is still well resolved from the pedestal and the
in this sample by a factor of around four. In spite of this decrease in charge
the neutron irradiation while the minimum ionising peak position decreased
11 OCR Output
GaAs wafers have been produced at growth rates exceeding 100 pm per
successfully for gamma ray spectroscopy. More recently, high purity V.P.E.
tronic device construction). Previously, LPE GaAs diodes have been used
this is the cheapest available material (used as a substrate in GaAs elec—
We have concentrated on diodes made from semi-insulating GaAs because
Alternatives to Semi-insulating material
245 psec gave the pulse shape, which is also shown in figure 14.
trapping, using a trap cross-section of 10`13 cm2 and a de-trapping time of
effects in the charge transport mechanism. A simulation of the effects of
tail of around 4-6 nanoseconds in length, thought to be due to trapping
For each type of excitation, the very fast initial pulse is followed by a
the charge signal.
contact side of the detector are further evidence of the hole contribution to
The pulses observed when the detector was illuminated from the ohmic
high speed (8 GHz) oscilloscope, is shown in figure 14.
a 1.5 picosecond pulse. The output signal from the diode, observed on a
of Florence was used to excite a 125 pm thick GaAs Schottky diode with
The picosecond laser facility at the L.E.N.S Laboratory of the University
Speed of Reponse
collection efficiency dependence on thickness.
in progress, with the aim of improving our understanding of the charge
more slowly for higher energy protons. Further measurements are now
these detectors, the charge collection efficiency reaching its plateau value
seen from Figure 13 that high charge collection efficiency is achieved in
protons entering the detector from the Schottky contact side. It can be
efficiency as a function of bias voltage for different proton energies, the
University of Florence. Figure 13 shows the measured charge collection
different energies has been studied at the Van der Graaf accelerator at the
The behaviour of a single pad detector of thickness 125 pm to protons of
Charge Collection
4 Charge Transport and Collection Studies
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As HBTs are generally used for microwave applications they have not been
formance is as expected, the monolithic version of the circuit will follow.
of the circuit will be fabricated instead during this year and, if the per
fabrication of this circuit because of lack of funds in 1991. A hybrid version
icon circuit. Unfortunately, we have been unable to proceed to prototype
figures for the GaAs circuit are projected to be less than those for the sil
based circuit in Figure 17. The power consumption and electronic noise
and SPICE simulation of its output pulse, compared with a similar, silicon
(G.E.C.-Marconi GT-2 process) [8] The circuit is shown in Figure 16
sistors), using design rules supplied from one manufacturer of these devices, ..
made for a preamplifier based on GaAs HBT (heterojunction bipolar tran
by bipolar transistor technology. A preliminary design has therefore been
ing solution to the low noise, low power requirement seems to be offered
Since GaAs MESFET’s typically have rather high 1/f noise, a more promis
which could conceivably be integrated on the same wafer as the detector.
noise, low power consumption GaAs preamplifiers and pipeline elements
that there is still significant interest in the possibility of developing low
con devices for GaAs detectors using bump-bonding techniques, we believe
suitable silicon chips in rad-hard technologies, and the potential use of sili
While we recognise the very substantial effort towards the production of
read out the signals produced by charged particles traversing the detector.
without correspondingly radiation-hard front-end electronics with which to
Development of radiation-hard detectors in GaAs would be of little value
5 Electronics Studies
wafers.
such low energy X-rays reinforces our belief in the potential of epitaxial
Schottky diode fabricated on one of these samples. The ability to detect
height spectra from K X-rays of Mo, Ag, Ba and Tb detected in a simple
supplied by Dr. R. Beccard of the RWTH, Aachen. Figure 15 shows pulse
ial diodes. We have very recently tested samples of VPE material kindly
that the charge collection efficiency may be expected to be higher in epita.x—
has been reported to be significantly less than in semi-insulating wafers, so
hour The density of trapping centres in these LPE and VPE materials
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microstrip devices covering the region 15 < r < 25 cm from the beam line.
resolution in the far forward region. The detectors consist of wheels of GaAs
extension of the kinematic range and the improvement of the momentum
Figure 18 (a) shows a possible layout. Figure 18 (b) demonstrates the
collaboration, covering the very forward region (1.9 < v7 < 3) using GaAs.
Here we show a preliminary design of a detector for the proposed EAGLE
cations
6 Forward Tracking Studies for LHC Appli
with members of the RD23 collaboration in these developments.
during the next few months. We are, of course, maintaining close contact
evaluate the potential for this type of read-out with our GaAs detectors
technology have agreed to fabricate suitable test structures to allow us to
gineering of the University of Glasgow who are experienced in the relevant
modulators. Colleagues in the Department of Electrical and Electronic En
on the detector wafer of very compact, very low power multi-quantum well
stated in the Introduction above, GaAs is rather well suited to integration
read-out, as proposed for example by the RD23 collaboration [10]. As
signal read-out and transmission is the use of optoelectronic modulator
acoustic wave option, also in GaAs. One exciting longer term option for
comparing a switched capacitor analogue pipeline in GaAs with a surface
group is also examining the next stage of the electronics read-out chain,
the upgraded circuit is promised for evaluation later this year. The same
Further optimisation of their design is now in progress and a prototype of
Institute of Semiconductor Studies of the Lithuanian Academy of Science.
the characteristics of discrete FET elements fabricated in Vilnius, at the
mance to the above, again as predicted by SPICE simulation, based on
a preamplifier circuit design has been produced with competitive perfor
In spite of the generally poorer noise performance of GaAs MESFET’s
monolithic design.
the SPICE simulation which will increase our confidence in the subsequent
dissipation achievable. The tests of the hybrids will be used to improve
cated with differing power dissipations to investigate the minimum power
operated as low power devices. Several hybrid prototypes will be fabri
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perpendicular to a radius and 300 pm parallel to the radius.
The strip widths would be 60 nm each, giving a resolution of ~ 20 nm
radius in the outer tracker.
overlap between the cards and comparison with the tracks found at larger
in the outer detector. Redundancy for efficiency measurement comes from
that a track segment could be constructed which will be linked to tracks
This system would provide two space points at each mark in Figure 18 so
microstrips angled in opposite directions to provide the small angle stereo.
pairs. There would be four such wheels at each mark in Figure 18 with the
from a single 3” GaAs wafer. The microstrip cards would be bonded in
as indicated by the dashed lines in Figure 19 with two such cards cut
in Figure 19 consisting of parallelogram shaped cards. The cards overlap
and proved to work. The layout could be in the form of a wheel as shown
These are similar to the microstrip cards which have already been made
A Detector Made from Single·sided GaAs Microstrip Cards
This is satisfactory.
microstrips per wheel, so the occupancy is approximately 10"3 per channel.
per beam crossing), i.e. ~ 38 tracks per wheel. There are about 3 >< 104
the occupancy per wheel is about 0.3 x 21r x 20 (assuming 20 interactions
Each wheel in Figure 18 subtends An ~0.3. Assuming (dzn/dndgb ~ 1),
Occupancy
will survive many years at these dose rates.
(1.8 MRad) per year, falling to 0.7 MRad per year at 25 cm radius. GaAs
1/rz. Therefore at a radius of 15 cm the dose rate will be 1.8 >< 104 Gray
Gray per 1041 cm"2 (11] (~1 year’s nominal luminosity) and this scales as
that from 7 rays. The dose rate at 1.0 cm from the beam line is 4 >< 106
duced from p — p collisions which give a radiation dose similar in quality to
suffered by the detector is due to minimum ionising charged particles pro
At such small radii to the beam we assume that the main radiation dose
Radiation Levels at the Detector
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proposed here is 1.5-3 MSfr.
to a price of about twice this level. Thus a likely costing of the detector
gave estimated figures ranging from a number comparable to that above
Associated Electronics (January 1992), three representatives from industry
here would cost 1.5 MSfr. At the Erice Workshop on GaAs Detectors and
ure 19) would cost 500 kSfr per square metre. Thus the detector proposed
estimate, it can be shown that a GaAs detector covered by cards (cf. Fig
that processed wafers will cost $1000 per 4” wafer [12]. Based on this
Accurate costs are diiiicult to assess at this stage. It has been suggested
Costs
associated with such support structures.
material of any support structure. Studies are in progress on the problems
layer, particles would traverse 3.6% of a radiation length of GaAs plus the
minimum ionising particles. Assuming four layers of detector at 200 pm per
multiple scattering and maximising the signal/ noise ratio achievable with
best compromise between minimising the problems from conversions and
There is limited evidence that thicknesses of 100-200 pm are likely to be the
Detector thickness
pm accuracy within ambient temperature changes of il0°C.
Studies are in progress of a mounting system which would be stable to 20
Engineering
at room temperature with cooling to remove this heat load.
in the read-out, the total heat load will be 6.6 kW. The device can operate
total of 1.32 >< 106 channels. Assuming a power dissipation of 5 mW/channel
There are 3456 GaAs microstrip cards in total, each with 384 channels, i.e. a
Cooling
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simulation for physics studies.
We are also requesting computer time for testbeam analysis and detector
a MAC-CAMAC interface and mechanics.
labs. For this we are requesting 40 kSfr for Si microstrips, MX readout via
SPS testbeams. This would be based on systems being setup in the home
would like to set up a permanent Si telescope to be used in the PS and
In order to take full advantage of the testbeam facilities at CERN we
at RAL).
be part of a multiproject run organised by the microelectronics brokerage
and a further 75 kSfr for the fabrication of a monolithic version (this will
requesting funds of 25 kSfr for the fabrication of hybrid HBT prototypes
To a.llow us to proceed with studies of GaAs frontend electronics we are
70 kSfr for wafer thinning and polishing and evaporation equipment.
We also request 20 kSfr for GaAs wafers and other consumables, plus
the purchase of I-V/C-V low frequency capacitance measuring equipment.
characteristics of the detectors and to facilitate this we request 60 kSfr for
Recent studies have shown that it is important to understand the static
based on their experience in fabricating the detectors.
more accurate cost estimates of full scale detectors from the companies
allow tests of commercially produced detectors and to enable us to obtain ,
Schottky and p—i-n microstrip detector fabrication. This is important to
Following discussions with GEC-Marconi we are requesting 30 kSfr for
previous request for CERN support at the level of one physicist-engineer.
fore request that sympathetic consideration be given to a review of our
departure of CERN—based staff supported by the LAA project. We there
also conscious of a loss of momentum in our programme due to the recent
cation, prototype electronics fabrication and testbeam equipment. We are
We are requesting support in three main areas: commercial detector fabri
7 Requests to DRDC
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Semiconductors Ltd. for sponsorship of a CASE postgraduate studentship.
also been supported by the LAA project. We are also indebted to Micron
(U.K.) and the INFN (Italy). The Italian part of our collaboration has
We wish to acknowledge financial support for this work from the SERC
Acknowledgements
expected at the LHC.
be operational for a much longer time in the high radiation environment
than a comparable silicon detector, we have shown that it will continue to
although a GaAs detector may begin its life as a poorer quality device
to improve this in the future by making thinner detectors. Nevertheless
to the relatively low charge collection efficiency achieved so far. We hope
but they are somewhat inferior to comparable devices made in silicon due
and the radiation hardness have been proven. The detectors work well
pad particle detectors routinely and reliably with few failures. The speed
We have demonstrated in this report that we can make GaAs microstrip and
8 Conclusions
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Figure 3: Pulse height spectrum from GaAs microstrip detector exposed to
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70 GeV / c pious. The smooth curve represents a fit to the data, as described
Figure 4: Pulse height spectrum from GaAs microstrip detector exposed to
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Figure 5: Lateral uniformity from strip to strip in a, GaAs microstrip de
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in a GaAs microstrip detector OCR Output
Figure 6: Variation of charge collection efficiency with reverse bias voltage
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in several GaAs diodes as a function of gamma ray dose. OCR Output
Figure 7: Comparison of electronic noise, and charge collection efficiency
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neutron irradiation by a neutron fluence of 7 >< 101* n cm` OCR Output
efficiency and signal-to-noise ratio in several GaAs diodes before and after













as a function of neutron dose OCR Output
Figure 10: Variation of charge collection efficiency of simple GaAs detectors
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microstrip detector, before and after irradiation with 1014 n cm OCR Output
Figure 11: Pulse amplitude spectra from a silicon nitride-passivated GaAs
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side OCR Output
detector with protons of different energy incident from the Schottky contact
Figure 13: Charge collection efficiency versus bias voltage for a 125 pm pad
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OCR OutputProton: Charg• C¤H•ctI¤ns Effichncy
model which incorporates a hopping mechanism between traps. OCR Output
(b) The results of a simulation of the response, using a charge transport
detector to a 1.5 picosecond laser excitation pulse.
Figure 14: (a) Oscilloscope trace of the response of a 125pm thick GaAs
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detected in a, high purity VPE layer Schottky diode OCR Output
Figure 15: Pulse height spectra from K X-rays of Mo, Ag, Ba and Tb
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compared with a similar design in silicon. OCR Output
Figure 17: SPICE simulation of output pulse from GaAs HBT preamplifier,
OCR OutputIf 7•
¤•5 nu
i5•• {
|•1 MU
T; s Zfnuc
T, = Su,.Kinky



